Building a Universal Nuclear Energy Density Functional

Viewing The Nucleus -Like A Jpeg Picture

Two-center inverted two- . - .
cosh potential a simple The jpeg picture format is based on the use of wavelet-

model for fission or fusion based techniques to optimize compression. Adaptive 3D
multiresolution methods based on wavelet expansions
have been applied to describe the structure of atoms
and molecules within the MADNESS framework.

ab initio theory of light
nuclei(A<=16)

coupled cluster, no core shell model,

Green’s function Monte Carlo

Nuclear physicists, applied mathematicians and
computer scientists have applied the MADNESS
framework to solve a number of problems within the

nuclear energy density functional theory. Adaptive support of basis functions. A 2-D slice
. . . ) of the 3-D multiresolution approximation of the
MADNESS makes it possible to treat, in a unique inverted two-cosh potential with spin-orbit term %
formalism and with a user-defined accuracy, a plethora (left) and the adaptive support of one of the 3-D - - -
of nuclear phenomena as diverse as fission and fusion e neEns (i) Frontier Nuclear Science Enabled by SciDAC

involving extremely elongated shapes and evolving
topologies, as well as spatially extended halo systems,
and superfluidity.

Exotic nuclei with atomic number 14, not previously discovered
but important for stellar processes, are predicted to exist for short
life-times through advanced simulations using MFDn, a parallel
code for configuration interaction modeling in a harmonic oscillator
basis (see fig. on left).

density functional theory (A>16)
; global properties

Collaboration among Physics, Applied Mathematics, and

Computer Science enabled the simulations through critical
improvements in MFDn by a factor of 4-6 on the Cray XT4,
equivalent of 3-5 years of progress in computing hardware.
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dynamic extensions of
density functional theory
LACM, QRPA, TDDFT

level densities
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Superfluid Local Density Approximation Applied to Nuclei :
a time dependent extension of density functional theory

(Invited Session: A. Bulgac , K. Roche ) fpecil hanks o *all nuclei (even, odd, spherical,deformed) low energy reaction theory
A A A A *any quantum numbers of (Q)RPA modes Hauser - Feshbach, Feshbach-Kerman-Koonin
59 un(Z,t)\ [ h(Z,t) + Vezt(Z,1) (Z,1) + Aext(Z,t) \ [un(Z,1) *fully self-consistent and no imposed symmetries fusion / fissi
"“Non(@,t) )~ \AT(@,8) + Al (Z,t) —h(Z,t) — Veer(F, 1)) \0n(Z, 1) *probe excited state properties of nuclei usion 7/ Tission processes

*new space-time lattice code, designed with lattice dft solver’connection Masses , energy distributions

eplave wave basis, discrete Fourier transforms (FFTW) for gradients, derivatives

Y (Z,t) ~ O(4 X N3) N € [50, 100] ~ Number of quasiparticle functions

*multi-step (predictor-modifier-corrector) time algorithm , O(h”5) G Fam kol
. . , P. Magierski et a

3 4 A5 enumerically conserved constants of the motion %, W. Nazarewicz et al
[10°, 10°] ~ Number of time steps per nucleus % |.Vary, E. Ng et al

*Fortran and C versions fully consistent
esame codes run on laptop (no MPI) or parallel (w/MPI) computers

Computation of Observables | Q(w) = Z/Q(fa 0,t)p(Z, o, )" d>xdt *out-of-core version exists in C language

Remarkable example of LACM using the time dependent lattice technique: homogeneous unitary Fermi gas [special thanks to S.Yoon]

(top two)oscillation between almost normal state and
Higgs Mode of the Pairing Field superfluid state and corresponding quasiparticle distribution,
red is equilibrium state; (bottom)maximum and minimum
oscillation amplitudes in pairing gap vs normalized frequency
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Scientific Discovery through Advanced Computing physics, math, and computing, please visit our website : http://www.unedf.org .

(Computer Science and Mathematics Director) Rusty Lusk, lusk@mcs.anl.gov United States Department of Energy - Office of Science - Nuclear Physics
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